The r e s u l t s i n d i c a t e t h a t t h e c o n c e n t r a t i o n o f a c i d i s an i m p o r t a n t f a c t o r i n c o n t r o l l i n g t h e metal loss caused by wear-corrosion processes i n t h e a c i d s . A t v e r y d i l u t e a c i d c o n c e n t r a t i o n N ) , i r o n behaves d l f f e r e n t l y t h a n n i c k e l . I r o n develops a soft, f r i a b l e d e p o s i t , w h i l e n i c k e l develops no c o r r o s i o n l a y e r . was g e n e r a l l y a t a minimum. A t h i g h e r a c i d c o n c e n t r a t i o n (10-1 N and above), 3 loss o f i r o n and n i c k e l i n c r e a s e d as t h e a c i d c o n c e n t r a t i o n increased. I n s u l -I f u r i c a c i d t h e maximum l o s s of b o t h i r o n and n i c k e l was a t 7.5 N (30 p e r c e n t ) c o n c e n t r a t i o n , and t h e metal losses o f b o t h i r o n and n i c k e l dropped markedly a t 15 N (50 p e r c e n t ) and above. I n h y d r o c h l o r i c a c i d , however, t h e i r o n l o s s c o n t i n u e d t o i n c r e a s e w i t h t h e i n c r e a s e of a c i d c o n c e n t r a t i o n , and t h e maximum i r o n l o s s o c c u r r e d i n t h e most c o n c e n t r a t e d a c i d (12.1 N, 37 p e r c e n t ) . There were v a r i a t i o n s i n l o s s w i t h n i c k e l from specimen t o specimen examined i n conc e n t r a t 
3 loss o f i r o n and n i c k e l i n c r e a s e d as t h e a c i d c o n c e n t r a t i o n increased. I n s u l -I f u r i c a c i d t h e maximum l o s s of b o t h i r o n and n i c k e l was a t 7.5 N (30 p e r c e n t ) c o n c e n t r a t i o n , and t h e metal losses o f b o t h i r o n and n i c k e l dropped markedly a t 15 N (50 p e r c e n t ) and above.
I n h y d r o c h l o r i c a c i d , however, t h e i r o n l o s s c o n t i n u e d t o i n c r e a s e w i t h t h e i n c r e a s e of a c i d c o n c e n t r a t i o n , and t h e maximum i r o n l o s s o c c u r r e d i n t h e most c o n c e n t r a t e d a c i d (12.1 N, 37 p e r c e n t ) . There were v a r i a t i o n s i n l o s s w i t h n i c k e l from specimen t o specimen examined i n conc e n t r a t e d h y d r o c h l o r i c a c i d s (10-l N and above). The c o e f f i c i e n t o f f r i c t i o n .for i r o n decreased w i t h i n c r e a s i n g c o n c e n t r a t i o n o f b o t h a c i d s . The c o e f f ic i e n t o f f r i c t i o n for n i c k e l i n c r e a s e d s l i g h t l y w i t h an i n c r e a s e i n a c i d c o n c e n t r a t i o n up t o N. When c o r r o s i o n s t a r t e d t o dominate i n t h e wearc o r r o s i o n process, t h e c o e f f i c i e n t of f r i c t i o n decreased i n b o t h s u l f u r i c and h y d r o c h l o r i c a c i d s a t 10-1 N and above. INTRODUCTION
C o r r o s i o n and wear o f aerospace b e a r i n g s a r e s e r i o u s , expensive, and major problems ( r e f s . 1 t o 3 ) . Bearings t e n d t o f a i l a t random i n t e r v a l s from c o r r os i o n , contamination, wear, or h a n d l i n g damage l o n g before f a t i g u e i n i t i a t e s s p a l l i n g . from t h e i r a i r c r a f t systems, i n c l u d i n g d r i v e l i n e s , wheels, and a c c e s s o r i e s a t a U.S. Naval A i r Rework F a c i l i t y ( r e f . 2 ) . A i r Force e x p e r i e n c e a l s o c o n f i r m s c o r r o s i o n t o be a major cause of r e j e c t i o n o f a i r c r a f t t u r b i n e engine b e a r i n g s ( r e f . 3 ) .
C o r r o s i o n accounts for n e a r l y o n e -t h i r d of t h e b e a r i n g r e j e c t i o n s
Cryogenic turbopump bearings in current and future rocket engines, such as the space shuttle main engine, also require the use of much improved corrosion and wear resistant bearings without a tradeoff in material durability (ref. 1).
Considerable work is being conducted on the development of new alloys, surface modification techniques (such as ion implantation and coatings), and corrosion-inhibited lubricants which will extend the operating life of a bearing closer to its ultimate fatigue capability.3 Most of these studies have been concerned with specific practical problems. Although several attempts have been made to study the basic mechanisms governing triboelectrochemical effects on the wear-corrosion phenomena of metals, its role is not well understood (refs. 4 and 5 ) .
The sapphire flats were single-crystal aluminum oxide. 'The sulfuric acid was ACS reagent-grade concentrated acid, which is specified to be 95.5 to 96.5 percent acid by weight; it is referred to herein as 96 percent. The hydrochloric acid was ACS reagent grade concentrated acid (37 percent HC1 by weight). The water used by itself in the experiments and used in making the solutions was deionized, distilled, and subsequently saturated with air at room temperature.
In the sliding, rolling, or rubbing contact of materials the surfaces become strained as a result of the mechanical activity that takes place. A wear surface is different electrochemically from its surroundings. It contains metal that is highly strained and that reaches high temperatures locally at shearing points or asperities (refs. 6 and 7). Electrochemical potentials may be established locally to either impede or enhance corrosion; cyclic stresses may promote stress corrosion and corrosive fatigue (ref. Resistance to corrosion is often the result of the formation of some type of film on the metal. Sliding action can destroy such films, or it can develop better corrosion-resistant films by producing new surfaces. The coefficient of friction is, like corrosion resistance, highly sensitive to surface films.
The objective of this paper is to examine the interfacial friction and wear of elemental iron and nickel exposed to sulfuric acid and hydrochloric acid in water at various concentrations as well as to water. Their surface chemistry and morphology were examined by x-ray photoelectron spectroscopy (XPS), optical microscopy, and scanning electron microscopy (SEMI. Aluminum oxide (sapphire) has been considered for use in contact with iron and nickel, because it has greater wear and corrosion-resistance than metels. publications on this research are given in references 9 to 14.
Some earlier

MATERIALS
The iron used in this investigation was better than 99.99 percent pure and was annealed to a hardness of 30 to 35 Rockwell B after machining.
The electrolytic nickel was annealed to a Rockwell B hardness of 30 after machining.
The apparatus used i n t h i s i n v e s t i g a t i o n i s shown s c h e m a t i c a l l y i n f i g u r e s 1 and 2. The specimen r i d e r was made t o t r a v e r s e a d i s t a n c e o f 10 mm on t h e s u r f a c e o f t h e aluminum o x l d e f l a t . M o t i o n was r e c i p r o c a l . The r i d e r was loaded a g a i n s t t h e f l a t w i t h a dead w e i g h t . c o n t a i n e d s t r a i n gauges t o measure t h e t a n g e n t i a l f o r c e ( i . e . , f r i c t i o n f o r c e ) . The e n t i r e apparatus was housed i n a p l a s t i c box.
The arm r e t a i n i n g t h e r i d e r EXPERIMENTAL PROCEDURE Hemispherical t i p s (3.2 mm r a d i i ) o f t h e i r o n and n i c k e l r i d e r s were p o l -F i n a l p o l i s h i n g was conducted w i t h a i s h e d w i t h 6-and 3-pm diamond p a s t e . w e t m e t a l l o g r a p h i c p o l i s h i n g c l o t h impregnated w i t h 0.3-pm alpha-aluminum o x i d e . t i o n . A f t e r w a r d , t h e p o l i s h e d r i d e r s were r i n s e d w i t h a b s o l u t e e t h y l a l c o h o l , u s i n g a c o t t o n swab t o h e l p remove t h e p o l i s h i n g powder.
The r i d e r specimens were r o t a t e d i n a l a t h e f o r t h e p o l i s h i n g operaThe aluminum o x i d e f l a t s p l a c e d i n t h e i r cups ( f i g . 2 ) were mounted i n t h e j i g . The i r o n or n i c k e l r i d e r s were lowered t o a f e w m i l l i m e t e r s above t h e f l a t s , and a l i g n m e n t s were checked. Then t h e a c i d or water was dropped i n t o t h e cups t o cover t h e f l a t s t o t h e p r o p e r depth. T h e r e a f t e r , t h e r i d e r s were lowered u n t i l t h e t i p s j u s t c o n t a c t e d t h e f l a t s u r f a c e s . The weight was then loaded o n t o t h e r i d e r and s l i d i n g begun. Under an a p p l i e d l o a d t h e f r i ct i o n f o r c e was sensed by t h e s t r a i n gauges and c o n t i n u o u s l y m o n i t o r e d d u r i n g a wear experiment. A l l t h e c o e f f i c i e n t s o f f r i c t i o n r e p o r t e d i n t h i s paper a r e k i n e t i c v a l u e s . A l l t h e wear experiments were conducted w i t h t h e i r o n and n i c k e l r i d e r s i n s l i d i n g c o n t a c t w i t h t h e aluminum o x i d e f l a t s a t 1.5 mm/sec a t a l o a d o f 2.5 N i n l a b o r a t o r y a i r a t room temperature.
conducted for 60 min. Thus, t h e r i d e r passed o v e r t h e t r a c k 540 times (270 t i m e s each way i n r e c i p r o c a l motion) d u r i n g an experiment.
Each experiment was
The amount o f metal l o s t i n wear was determined by measuring t h e s i z e o f t h e wear s p o t (wear s c a r ) on t h e t i p a f t e r an experiment. photographed a t a nominal m a g n i f i c a t i o n of 100. wear spot, o c c u r r e d i n t h e d i r e c t i o n o f motion, and t h e minimum l e n g t h o f t h e wear spot were measured on t h e p h o t o g r a p h i c p r i n t . t r u e s i z e u s i n g t h e c o r r e c t m a g n i f i c a t i o n as determined by c a l i b r a t i o n . Then t h e amount o f metal t h a t would have been removed w i t h a c i r c u l a r s p o t o f t h e minimum l e n g t h o f t h e observed s p o t was c a l c u l a t e d . The same c a l c u l a t i o n was made asssuming t h a t t h e wear spot had a d i a m e t e r equal t o i t s l o n g e r dimens i o n . The two volumes were averaged t o g i v e an e s t i m a t e o f t h e amount o f meta l o s t d u r i n g t h e experiment. The volumes were c a l c u l a t e d u s i n g t h e e q u a t i o n ( r e f . 15):
The wear s p o t was The maximum l e n g t h o f t h e 
t o 13).
A t h i g h e r c o n c e n t r a t i o n s , t h e hydrogen i o n c o n c e n t r a t i o n decreases, w h i l e pH increases again. 
) . I n t h e v e r y d i l u t e a c i d , a complex s u r f a c e d e p o s i t formed on t h e s u r f a c e o f i r o n . I t i s r e c o g n i z e d as a m i x t u r e o f d i v a l e n t and t r i v a l e n t i r o n h y d r o x i d e s , i r o n o x i d e s , i r o n o x y h y d r o x i d e s ( r e f s . 16 t o 20). There was a l s o x-ray p h o t o e l e c t r o n s p e c t r o s c o p i c evidence t h a t i r o n s u l f a t e was p a r t of t h e b u i l t -u p l a y e r ( r e f . 9 ) . T h i s d e p o s i t was weak and f r i a b l e and was n o t a p r o t e c t i v e , p a s s i v a t i n g f i l m . A t h i c k o x i d at i o n p r o d u c t formed i n t h e wear a r e a was cracked e x t e n s i v e l y by i n t e r f a c i a l s l i d i n g a c t i o n . appeared as wear d e b r i s . o x y h y d r o x i d e -s u l f a t e d e p o s i t gave e r r a t i c and o f t e n r e l a t i v e l y h i g h f r i c t i o n and g r e a t loss o f i r o n i n t h e wear a r e a . The b u i l d -u p o f t h e c o r r o s i o n p r o d u c t was n o t o n l y l i m i t e d t o t h e wear area, b u t a l s o o c c u r r e d i n t h e r e g i o n w e l l o u t s i d e t h e wear a r e a ( r e f . 13).
A t s l i g h t l y h i g h e r s u l f u r i c a c i d c o n c e n t r a t i o n s (10-3 t o 10-1 N, 0.005 t o 0.5 p e r c e n t ) , t h e loss o f metal i n t h e wear a r e a was a t a minimum, and t h e r e was l i t t l e evidence o f b u i l d -u p o f c o r r o s i o n p r o d u c t s on t h e wear a r e a and o u ts i d e i t , when t h e y were examined by u s i n g o p t i c a l and scanning e l e c t r o n microscopy. The scanning e l e c t r o n photomicrographs o f t h e i r o n r i d e r s r e v e a l e d g r a i n boundary e t c h i n g o u t s i d e t h e wear a r e a ( r e f . 13).
Some of t h e d e p o s i t broke away from t h e wear a r e a and
Thus, f o r m a t i o n and f a i l u r e o f t h e hydroxide-oxide-
When pH i s h i g h enough a t some h i g h c o n c e n t r a t i o n s (60 t o 96 p e r c e n t ) , an o x i d e f i l m continuous enough t o p a s s i v a t e t h e i r o n w i l l n o t r e a d i l y d i s s o l v e .
Below 60 p e r c e n t s u l f u r i c a c i d , t h e c o r r o s i o n r a t e s o f i r o n a r e r e l a t i v e l y h i g h . The p u b l i s h e d r e s u l t s o f i r o n c o r r o s i o n r a t e s a t 25 and 50 p e r c e n t s u lf u r i c a c i d a r e o v e r a thousand t i m e s t h a t a t 75 p e r c e n t ( r e f . 19).
Metal losses i n t h e wear a r e a i n c r e a s e d s h a r p l y from t h e v a l u e a t 1.0 N ( 5 p e r c e n t ) a c i d t o a maximum a t 7 . 5 N (30 p e r c e n t ) a c i d There were no significant differences between the appearance of wear areas and surrounding areas for sulfuric acid concentrations ranging from 1.0 N t o 35.6 N ( 5 t o 96 percent). the wear area where plastic flow caused by sliding action tends t o smear the surface. But corrosion did not produce faceted corrosion patterns as in the wear areas of nickel corroded under similar conditions, as will be described later. However, the iron surface outside the wear area indicated a faceted, rapid corrosion pattern.
Grain boundary etching occurred even in
The coefficient of friction gradually decreased with increasing the acid concentration ( fig. 3(b>>. Nickel. - Table 1 
e s u r f a c e f i l m produced on t h e n i c k e l and t h e e s t a b l i s h m e n t o f a g a l v a n i c c e l l between t h e wear s c a r and i t s surroundings. The wear scar became t h e anode where n i c k e l r a p i
a t i o n .
A r e l a t i v e l y smooth worn s u r f a c e was observed by o p t i c a l and scanning e l e c t r o n m i c r o s c o p i c e x a m i n a t i o n t h r o u g h o u t t h e wear s c a r a t 21 t o 35.5 N (65 t o 96 p e r c e n t ) a c i d c o n c e n t r a t i o n s ( r e f . 12). There were 90 rough, h i g h l y corroded areas i n t h e wear s c a r . I t appeared t h a t p a s s i v a t i o n or p o l a r i z a t i o n l a y e r s a r e b e i n g formed on n i c k e l a l m o s t as f a s t as t h e y can be worn away. Thus, t h e p a s s i v a t i n g f i l m s were formed f a s t enough t o p r o t e c t even wear areas i n t h e s u l f u r i c a c i d s a t 21, 25, and 35.5 N (65, 75, and 96 p e r c e n t ) c o n c e n t r a t i o n s .
The c o e f f i c i e n t o f f r i c t i o n was s l i g h t l y i n c r e a s e d w i t h i n c r e a s i n g t h e a c i d c o n c e n t r a t i o n t o N . When c o r r o s i o n dominated i n t h e wear-corrosion process, t h e c o e f f i c i e n t o f f r i c t i o n s t a r t e d t o decrease i n t h e s u l f u r i c a c i d a t 10-1 N and above.
o n s r a n g i n g from d i l u t e N , 0.0004 p e r c e n t ) t o f u l l y c o n c e n t r a t e d (12.1 N , 37 p e r c e n t ) f o r i r o n and t o h i g h l y c o n c e n t r a t e d (6 N , 20 p e r c e n t ) f o r n i c k e l a t a l o a d o f 2.5 N for 60 min.
-I r o n .
-F i g u r e 5 p r e s e n t s t h e f r i c t i o n and c o n t a c t w i t h aluminum o x i d e f l a t s i n a e r a t e d hy scanning e l e c t r o n m i c r o s c o p i c e x a m i n a t i o n r e v e a t i o n p r o d u c t s i n t h e wear scar o f i r o n r i d e r i n wear d a t a f o r i r o n r i d e r s i n r o c h l o r i c a c i d . O p t i c a l and ed a t h i c k b u i l d -u p o f o x i d at h e most d i l u t e a c i d N ) .
The wear and c o e f f i c i e n t o f f r i c t i o n I n t h e d i l u t e h y d r o c h l o r i c a c i d a t N c o n c e n t r a t i o n were s l i g h t l y h i g h e r t h a n those i n water or i n N a c i d , j u s t as t h e y were i n t h e d i l u t e s u l f u r i c a c i d d e s c r i b e d e a r l i e r . The h i g h e r f r i ct i o n and wear a r e caused by t h e b u i l d -u p and break-up o f o x i d a t i o n p r o d u c t s on t h e s u r f a c e of i r o n r i d e r s . Thus, i r o n develops a complex c o r r o s i o n p r o d u c t l a y e r o v e r t h e e n t i r e immersed s u r f a c e , p a r t i c u l a r l y t h i c k i n t h e wear scar o f t h e i r o n r i d e r i n t h e most d i l u t e a c i d . T h i s d e p o s i t was weak and f r i a b l e and was n o t a p r o t e c t i v e , p a s s i v a t i n g f i l m . Some o f t h e d e p o s i t s were cracked by
i n t e r f a c i a l s l i d i n g a c t i o n and broke away from t h e wear scar and appeared as wear d e b r i s .
A t 10-3 N h y d r o c h l o r i c a c i d c o n c e n t r a t i o n , t h e wear and c o e f f i c i e n t of f r i c t i o n were lowered. There was l i t t l e metal l o s s from c o r r o s i o n , and t h e c o r r o s i o n p r o d u c t was n o t formed on t h e i r o n r i d e r . The metal l o s s e s were e s s e n t i a l l y caused by mechanical wear. t i o n , t h e wear area has become susceptable to c o r r o s i o n . O p t i c a l and scanning e l e c t r o n m i c r o g r a p h i c e x a m i n a t i o n i n d i c a t e d t h a t t h e h i g h e r t h e h y d r o c h l o r i c a c i d c o n c e n t r a t i o n , t h e g r e a t e r t h e c o r r o s i o n o f i r o n observed. Metal loss increased p r o g r e s s i v e l y w i t h i n c r e a s i n g a c i d c o n c e n t r a t i o n i n agreement w i t h t h e scanning e l e c t r o n m i c r o s c o p i c o b s e r v a t i o n and t h e l i t e r a t u r e on s t a t i c c o rr o s i o n ( r e f . 19). The maximum metal loss o c c u r r e d i n t h e most c o n c e n t r a t e d 12.1 N (37 p e r c e n t ) a c i d .
Between and 12.1 N (0.04 and 37 p e r c e n t ) h y d r o c h l o r i c a c i d concentraf i g u r e 6 p r e s e n t s an o p t i c a l photomicrograph and scanning e l e c t r o n photomicrographs o f a wear s c a r , generated b y t h e w e a r -c o r r o s i o n process i n t h e most c o n c e n t r a t e d h y d r o c h l o r i c a c i d (12.1 N, 37 p e r c e n t ) . I t becomes obvious from f i g u r e 6(a) t h a t i r o n was h e a v i l y corroded o v e r t h e r e g i o n o u t s i d e t h e wear s c a r . I r o n c o r r o s i o n I s predominant i n t h e d a r k areas o f t h e wear s c a r . These l a t t e r areas a r e areas where i r o n was h e a v i l y and d e e p l y corroded. On t h e o t h e r hand, mechanical wear o f i r o n i s e v i d e n t and predominant i n t h e l i g h t area of t h e wear s c a r . T h i s i s t h e a r e a where t h e s u r f a c e s o f i r o n and
aluminum o x i d e were m e c h a n i c a l l y i n t e r a c t i n g t o g e t h e r .
D e t a i l s o f t h e d a r k and l i g h t areas i n t h e wear scar and of t h e r e g i o n s o u t s i d e t h e wear scar a r e p r e s e n t e d i n f i g u r e s 6 ( b > t o ( d ) . r e s p e c t i v e l y . Figu r e 6(b) r e v e a l s t h e r e l a t i v e l y rough and corroded f r a c t u r e s u r f a c e s i n t h e wear s c a r . Shear f r a c t u r e o c c u r r e d a t v e r y l o c a l areas i n t h e i r o n d u r i n g repeated s l i d i n g . The f r a c t u r e surfaces were t h e n corroded. The r e g i o n s o u ts i d e t h e wear scar p r e s e n t e d i n f i g u r e s 6 ( c ) and ( d > r e v e a l evidence o f extens i v e c o r r o s i o n . F i g u r e 6(d) i n d i c a t e s t h e c o m p a r a t i v e l y smooth c o r r o s i o n p a t t e r n s o f i r o n produced by c o r r o s i o n a l o n g w i t h a f r a c t u r e -p i t generated m e c h a n i c a l l y .
The c o e f f i c i e n t o f f r i c t i o n g r a d u a l l y decreased w i t h i n c r e a s i n g a c i d c o n c e n t r a t i o n ( f i g . 5 ( b > > .
N i c k e l . -F i g u r e 7 p r e s e n t s t h e f r i c t i o n and wear d a t a f o r n i c k e l r i d e r s i n c o n t a c t w i t h aluminum o x i d e f l a t s i n a e a r a t e d h y d r o c h l o r i c a c i d . A t t h e
o n l o s s of n i c k e l which has n o t been e x p l a i n e d . A t h y d r o c h l o r i c a c i d c o n c e n t r a t i o n s r a n g i n g from 10-1 t o 12.1 N (0.4 t o 20 p e r c e n t ) , metal l o s s e s became v e r y e r r a t i c from specimen t o specimen, as presented i n f i g u r e 7 . I n a d d i t i o n t o t h e l a r g e v a r i a t i o n s o f metal losses, t h e metal l o s s e s were a l s o g r e a t e r than those i n t h e d i l u t e a c i d s a t t o 10-2 N c o n c e n t r a t i o n .
The metal l o s s e s i n 10-3 and N h y d r o c h l o r i c a c i d were r e l a t i v e l y low. Scanning e l e c t r o n m i c r o s c o p i c e x a m i n a t i o n o f t h e n i c k e l r i d e r worn i n 10-3 N h y d r o c h l o r i c a c i d i n d i c a t e d t h a t t h e wear area was v e r y smooth. N e it h e r t h e wear area nor t h e r e g i o n o u t s i d e t h e wear
O p t i c a l and scanning e l e c t r o n m i c r o s c o p i c e x a m i n a t i o n i n d i c a t e d t h a t t h e r e were v a r i a t i o n s i n morphology of wear s u r f a c e s even under i d e n t i c a l l y same experimental c o n d i t i o n s . For example, f i g u r e s 8 and 9 p r e s e n t t h e surf a c e morphology o f two n i c k e l r i d e r s worn i n 10-1 N h y d r o c h l o r i c a c i d under i d e n t i c a l experimental c o n d i t i o n s . The r i d e r p r e s e n t e d i n f i g u r e 8 had o n l y a p p r o x i m a t e l y o n e -t h i r d t h e metal l o s s o f t h e r i d e r i n f i g u r e 9. The o p t i c a l photomicrographs i n f i g u r e s 8 ( a > and 9 ( a ) r e v e a l e d l i g h t and d a r k r e g i o n s i n t h e wear s c a r s , b u t t h e p r o p o r t i o n of l i g h t r e g i o n i s l e s s i n f i g u r e 8 ( a )
which had l e s s metal loss. The l i g h t r e g i o n s were r e l a t i v e l y smoother t h a n t h e d a r k r e g i o n s i n t h e wear s c a r s . A c a r e f u l e x a m i n a
t i o n o f t h e scanning e l e c t r o n micrographs o f these r e g i o n s r e v e a l s t h a t p l a s t i c flow o c c u r s i n t h e l i g h t r e g i o n s and e x t e n s i v e c o r r o s i o n and severe mechanical wear o c c u r s i n t h e d a r k r e g i o n s w i t h r e p e a t e d s l i d i n g .
F i g u r e 8(b) shows b o t h p l a s t i c a l l y deformed a r e a and corroded area. F i gu r e 8(c) a l s o r e v e a l s e x t e n s i v e c o r r o s i o n i n t h e wear s c a r . F i g u r e 9(b) r e v e a l s t h a t p l a s t i c flow, observed i n t h e r e g i o n near t h e c e n t e r o f t h e wear s c a r , o c c u r s i n t h e n i c k e l . F i g u r e 9(c) shows t h a t t h e l i g h t r i m i n s i d e t h e wear area was r e l a t i v e l y v e r y smooth. I t was s i m i l a r t o t h e wear s u r f a c e o f t h e n i c k e l worn i n 10-3 N h y d r o c h l o r i c a c i d . F i g u r e 9(d> r e v e a l s evidence o f wear damages, which were generated a t l o c a l s p o t s . Shear f r a c t u r e occurs a t v e r y l o c a l areas i n t h e n i c k e l d u r i n g r e p e a t e d s l i d i n g .
Although t h e n i c k e l specimen was cleaned w i t h e t h y l a l
e a l s t h a t p l a s t i c flow occurs i n t h e wear scar i n t h e n i c k e l and t h e n i c k e l o u t s i d e t h e wear scar appears t o be l i g h t l y a t t a c k e d by c o r r o s i o n . The l i g h t l y corroded s u r f a c e o u t s i d e t h e wear scar c o n t a i n e d e t c h p i t s and grooves. The e l a s t i c and p l a s t i c s t r a i n energy a t r e g i o n s o f s u r f a c e damage such as s c r a t c h e s produced d u r i n g mechanical p o l i s h i n g w i t h diamond powder can cause chemical a t t a c k d u r i n g t h e wear-corrosion process. The e t c h p i t s and grooves correspond t o d e f e c t s developed d u r i n g t h e mechanical p o l i s h i n g process.
The v a r i a t i o n i n morphology o f wear s u r f a c e s and t h e amount of l o s s o f n i c k e l a t a c i d c o n c e n t r a t i o n s r a n g i n g from lo-' t o 12.1 N may be a s
s o c i a t e d w i t h t h e well-known s e n s i t i v i t y o f t h e c o r r o s i o n r a t e o f n i c k e l t o d i s s o l v e d oxygen i n h y d r o c h l o r i c a c i d . C o r r o s i o n and wear o f n i c k e l i n h y d r o c h l o r i c a c i d a r e s e n s i t i v e t o t h e amount o f a e r a t i o n ( r e f . 20). When c o r r o s i o n domi-
nates i n t h e wear-corrosion process, n i c k e l loss and c o e f f i c i e n t o f f r i c t i o n a r e low. On A t h i g h e r a c i d c o n c e n t r a t i o n s (10-l N or above), loss o f m e t a l s i n c r e a s e d as t h e a c i d c o n c e n t r a t i o n increased. I n s u l f u r i c a c i d t h e maximum loss o f b o t h i r o n and n i c k e l was a t 7 . 5 N (30 p e r c e n t ) c o n c e n t r a t i o n , and t h e l o s s o f i r o n and n i c k e l dropped markedly a t 15 N (50 p e r c e n t ) and above. I n hydrochlor i c a c i d , however, t h e i r o n loss c o n t i n u e d t o i n c r e a s e w i t h t h e i n c r e a s e i n a c i d c o n c e n t r a t i o n and t h e maximum i r o n loss o c c u r r e d i n t h e most c o n c e n t r a t e d a c i d (12.1 N , 37 p e r c e n t ) . A l t h o u g h t h e n i c k e l loss i n c r e a s e d w i t h t h e 
